金属支持固体酸化物形燃料電池の作製と評価 by ザカ ルーマ
Fabrication and Characterization of







氏 名   Zaka Ruhma 
授 与 学 位          博士（学術） 
学 位 記 番 号 
学 位 授 与 年 月 日          令和 2年 3月 25日 
学位授与の根拠法規 学位規則第 4条第 1項 
研究科，専攻の名称 東北大学大学院環境科学研究科（博士課程）環境科学専攻 
学 位 論 文 題 目          金属支持固体酸化物形燃料電池の作製と評価 
指 導 教 員 東北大学教授 川田 達也 
論 文 審 査 委 員          主査 東北大学教授　川 田 達 也 東北大学教授 松原 秀彰 
東北大学教授 橋田 俊之 
論 文 内 容 要 旨          
Metal supported solid oxide fuel cell (SOFC) is predicted to be highly promising in 
solving the problem of ceramic supported SOFC due to unique properties of metal to 
ceramic. Fabrication was studied in relation with change of macrostructural, 
microstructural, and material properties. Several fabrication method were tried with 
methods such as pulsed laser deposition, cold spraying, plasma spraying and sintering. 
Macrostructural changes were observed through the final shape of multilayered 
metallic-ceramic cell composite. Microstructural change was observed by quantifying 
measurable quantities such as grain size, pore size, and particle boundary size. It was 
found the heat transport condition of the container during sintering affect the resulting 
sintered multilayer structure. Keeping the SS/NiO-8YSZ/8YSZ multilayer temperature 
isothermally at sintering temperature of 1300oC up to 5 hour cause the final 
microstructure of stainless steel to beyond final stage of full sintering or involving 
melting phenomena. Bulk porosity and surface porosity of the stainless steel support 
were counted in order to present numerically the difference of the state of sintering 
between the surface and the bulk. Sample with best surface porosity with 5.5 gr pore 
former was able to be tested and showing the maximum power density of 10 mW/cm2 at 
700oC. However, long term performance testing of the resulted multilayer structure has 
not been tested. Furthermore, it is well known that the diffusion barrier layer would be 
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needed for preventing catastrophic interdifussion degradation which will enlarge TEC 
mismatch between layers. 
Competing with sintering method in its ability to be mass produced, was plasma 
spraying method which can be operated with robotic arm. In order to see the feasibility 
of the metal supported cell, Kawada Lab made a joint research with a Japanese coating 
company, Tocalo Co., Ltd.. The joint research began by testing the permeability of 8YSZ 
electrolyte deposition into sintered NiO-8YSZ. The plasma sprayed anode supported 
half-cell showing best impermeability was checked by impedance testing. The result 
showed that improvements were needed to fabricate fully dense and reliable electrolyte. 
Escalating the work to metal supported solid oxide fuel cell (MS-SOFC), plasma 
sprayed anode layer was made by atmospheric plasma spraying (APS). Considering the 
layer dimension change phenomena during operation cycle, dilatometry and laser 
profiling were done from room temperature to operating temperature. This data will 
help the estimation of how large is the mechanical stress caused by the reduction and 
oxidation of anode layer. In its first trial of fabricating MS-SOFC, Tocalo Co., Ltd. was 
able to integrate porous metal support with APS plasma sprayed NiO-8YSZ anode and 
SPS-APS plasma sprayed 8YSZ electrolyte into a MS-SOFC half-cell. Testing the 
half-cell MS-SOFC with Ag cathode showed mixing of hydrogen from anode and 
cathode occurred as temperature increased about 50oC during operation at 650oC. 
Later, it was decided from the quality of microstructure that APS Plasma Spraying 
method will be used instead of SPS plasma spraying method. In its later trials of 
making MS-SOFC, MS-SOFC full cell were able to be fabricated with LSCF6428 
cathode. Compared with previous, MS-SOFC half-cell which fabricated by SPS plasma 
spraying method, this MS-SOFC full-cell made by plasma spraying showed better 
leakage condition in its initial testing. However, clear sample behavior resulted from 
leakage was clearly observed after the sample was reheated again for second testing. 
The last trials were the variation of samples condition with different substrate heating, 
it showed as the substrate heated up, the cell was showing better permeability. It was 
important that even the testing results showed that no sample electrolyte was reliable, 
it was known that the electrode resistance showed fairly low resistance under low 
porosity. Further study of measuring the resistance of plasma sprayed layer resistance 
was done by symmetrical cell setup. The results showed that for both cathode and 
anode part, the electrode resistances were preceded by large interfacial resistance. The 
cause of this interfacial resistance was still unclear. One possible guess was this caused 
by micro-scale surface disintegration between anode particles and electrolyte surface. 
Problem with SOFC multilayer structure is its degradation phenomena caused by load 
given to the cell during operation. Loads such as material degradation, interlayer 
interaction degradation, mechanical load in sealing; all of them, can contribute in 
change of the layer stresses. Therefore, measuring stresses on sample will help the 
observation of cell load or degradation process. Two methods promising to be used to 
measure residual stress are Raman and XRD methods. In Raman method, self-made 
data reference need to be made in order to be able to quantify the amount of stress 
remained on layer. In 8YSZ electrolyte, it turned out the cubic peak change with stress 
was not observable. From this result, the study of Raman method cannot be used for 
8YSZ electrolyte material. The second method is XRD sin2 psi method, by changing the 
psi angle, it was possible to see change of interlattice distance change between plane 
compared to unstressed condition. Therefore, it was possible to measure the layer 
stresses by using XRD sin2 psi method. This method needed two hours of data 
retrieving time in order to measure the residual stress, while real-time residual stress 
measurement is needed. XRD cos α method was thought to be able to solve this issue of 
real-time measurement. This XRD cos α method was used to demonstrate the cell 
warpage condition to the stressed remained on electrolyte. Finally, XRD cos α method 
was able to be integrated with high temperature system thus high temperature XRD 
measurement of residual stress of SOFC was possible. 
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論文審査結果の要旨
高効率な分散電源として商用化が始まった固体酸化物形燃料電池（SOFC）は，主要部分がセラミックスで構成さ
れるため頻繁な起動停止を繰り返す用途には向かないと考えられてきた。これを克服するために，金属基板上にセ
ルを製膜した金属支持 SOFC が提案され，小型定置用や，自動車用の補助電源やレンジエクステンダーとしての開
発が加速している。しかし，その製造技術には課題が多い。本論文は，提案されている製法のうち比較的低コスト
の焼結法およびプラズマ溶射法をとりあげ，それぞれの手法の課題を抽出し，その解決の指針を提案することを目
的としたものであり，全編５章からなる。 
第１章は緒論であり，本研究の背景と目的を述べている。 
 第２章では，焼結法に関する報告を概観し，合金基板と燃料極層・電解質層の共焼結過程の最適化をとりあげて
いる。テープキャスティングによる製膜，焼結，およびその後の微細構造の解析を実施し，基板の多孔性の維持と
焼結収縮率の両立，ならびに基板表面近傍での気孔の消失が課題であることを見出し，これらの解決策として，増
孔材の配合率の最適化および輻射遮蔽蓋の使用を提案している。
第３章では，プラズマ溶射法をとりあげ，文献調査から，燃料極の還元を伴う初期熱サイクルでのセルの健全性
を重要課題として抽出している。溶射法による燃料極層の自立剥片を作製し，その収縮率の測定を実施するととも
に，燃料極層のみを成膜した基板の高温変形を「その場」測定し，その弾性・塑性変形挙動を明らかにしている。
さらに，セルの起動停止実験を実施し損傷発生の機構を推定している。また，電気化学測定により，電極がその構
造から予想されるよりも良好な特性を示すことを見出し，その挙動についてより詳細な解析を加えている。
第４章では，上記課題の解決に必要なセルの残留応力の高温「その場」測定法として，ラマン分光法，X線回折法
に着目し，検証している。この結果，X線回折法のうち cosα法が最も適した手法であることを明らかにしている。 
第５章は結論であり，本論文を総括している。
以上要するに，本論文は，SOFC の適用範囲を広げる金属支持セルの作製法の基礎的知見を与えるものであり，
この技術の普及による二酸化炭素排出削減に貢献するとともに，環境科学分野の学術の発展に寄与するところが少
なくない。
よって，本論文は博士（学術）の学位論文として合格と認める。
